D J. Effects of an ambient air pollution intervention and environmental tobacco smoke on children's respiratory health In Hong Kong. International Journal of Epidemiology 1996; 25: 821-828. Background. Two-thirds of complaints received by the Hong Kong Environmental Protection Department in 1988 were related to poor air quality. In July 1990 legislation was implemented to reduce fuel sulphur levels. The objective of this study was to measure the impact of the Intervention on respiratory health in primary school children. Methods. In all, 3521 children, mean age 9.51 years (SD = 0.78), from two dlstncts with good and poor air quality respectively before intervention were followed yearly from 1989 to 1991. Children and parents reported the children's respiratory symptoms using self-completed questionnaires. Factor analysis was used to derive independent scores from 12 symptoms. Four groups of related symptoms were identified and binary variables (presence of any symptom in each group) were treated as dependent variables in modelling using generalized estimating equations procedures. Results. In 1989 and 1990 an excess of respiratory symptoms was observed in the polluted compared with unpolluted district. The significant effects (odds ratio [OR], 95% confidence interval [Cl], P value) associated with living in the polluted district were: cough and sore throat (OR = 1.22, 95% Cl : 1.04-1.43, P < 0.01) and wheezing (OR = 1.35, 95%
In 1988, 66% of all complaints made to the Hong Kong Government Environmental Protection Department related to air pollution and maximum daily air pollution concentrations exceeded air quality objectives on 38 occasions. ' Hong Kong is a relatively small territory of 1070 km 2 , with a population of approximately 6 million. 2 It has a high industrial base and industry, housing, schools and vehicular transport are intermixed. The subtropical climate necessitates open windows and fan ventilation throughout most of the year in many homes, schools and businesses. Consequently the inhalation of ambient air containing high levels of pollutants is inevitable. In children, particulates have been shown to cause local irritation, with cough, bronchitis and lower respiratory tract illness 3 ' 4 and sulphur dioxide (SO 2 ) and nitrogen dioxide (NO 2 ) have also both been linked, to a lesser extent, with impaired ventilatory function. 4 These air pollutants not only constitute independent risks but may act synergistically. 3 -5 - 6 Although it may be difficult to distinguish the individual effects, collectively an increased risk is demonstrated in young children living in cities with high levels of pollutants. 6 -7 Environmental tobacco smoke (ETS), primarily an indoor air pollutant, also has a detrimental effect upon respiratory health. 8 Other potential contributors to indoor air pollution, particularly in south-east Asia, include mosquito coils and incense, the effects of the former being associated with asthma and wheeze.
9 Adverse effects of air pollutants on respiratory health and lung function are not necessarily associated with permanent damage in preadolescent children 4 and may be reversible if levels of air pollutants are reduced for a sustained period of time. 3 ' 10 This study examines the impact of high levels of air pollutants and the subsequent improvement in ambient air quality, following an intervention, on the respiratory health of primary school children.
SUBJECTS AND METHODS

Air Pollution
The Environmental Protection Department carries out 24-hour monitoring of a number of specific air pollutant levels: SO 2 , using continuous UV-fluorescence analysers (TECO43); NO 2 and (nitrous oxide) NO, using dual channel chemiluminescent analysers (Monitor 8840); and total suspended particulates (TSP) and respirable suspended particulates (RSP), using high volume samplers (Sierra-Anderson) on 3-day cycles. Air pollution control regulations prohibiting the use of fuel oil containing more than 0.5% by weight of sulphur were implemented in July 1990." This resulted in an immediate fall in levels of SO 2 in the most polluted areas of the Territory by up to 80% and an initial, but unsustained decline of 18% and 23% in respirable and total particulates. 12 eight in Southern: three morning, three afternoon and two all day schools). Details of the initial study design, selection of schools and classes have been reported elsewhere. 15 The principal criterion for selection of schools and classes was that they were representative of the air quality in the constituencies in each of the two districts. In Kwai Tsing they were located in areas categorized by local district board officials and the Environmental Protection Department as having medium or high air pollution. In Southern, because of its better air quality, all schools were situated in areas of low air pollution. These same children were followed up and observed yearly in 1990 and 1991, i.e. for a total of 3 years.
Methods of Investigation
Self-completed questionnaires, developed after reference to internationally recognized standard questionnaires, 16~18 were used each year over the 3-year period. The parents' questionnaire was completed at home whilst the children's was completed in the classroom under the supervision of a trained research worker with no teachers present.
Both questionnaires asked for the child's experience of the following 12 respiratory symptoms: cough in the morning, evening, or for 3 months, phlegm in the morning, day or night, or for 3 months, sore throat, nasal symptoms, wheeze, and doctor-diagnosed asthma, sinusitis and allergic rhinitis.
Answers to questions on smoking behaviour, which included who and how many categories of people (father, mother, siblings and other relatives or lodgers) smoked in the family home were coded as 0, 1, 3=2 smoker categories. Current smokers in the children were defined as those who smoked at least one cigarette per week.
In addition, parents were asked about type and size of their housing, their educational attainment and current occupational status, type of domestic fuel used, and use of incense and mosquito coils.
Statistical Methods
For each year of the study, frequency distributions and descriptive statistics, including means and standard deviations and crude prevalence ratios were calculated where applicable. Respiratory, sociodemographic and smoking data were examined for differences between the two districts, using t-tests and x 2 tests as applicable. Further analyses by multivariate methods using logistic regression were employed to estimate the risks of respiratory problems associated with several possible explanatory factors including: district of residence (Kwai Tsing versus Southern); school attended (morning or all day session versus afternoon); year of study (pre-[1990] or post- [1991] intervention versus baseline [1989] ), gender (boy versus girl); age (as a continuous variable); exposure to passive smoking (1 or s=2 smoker categories in the home versus none); housing type (public versus others); and educational attainment of father (primary, lower, upper or post secondary versus no formal education). Adjusted odds ratios (OR) with 95% confidence intervals (95% CI) were calculated. Generalized estimating equations were employed to take account of the dependence between repeated observations on the same subjects. 19 The between-subject dependence due to cluster sampling was assessed by obtaining the intra-class correlation coefficients in the 1989 baseline data. Other potentially important factors including type of domestic fuel, use of mosquito coils and incense, and parents' current state of employment were examined by means of logistic regression. None were found to be associated with the symptoms under study and they were not used for adjustment in the final analysis. 20 ' 21 To avoid multiple comparisons on the 12 symptoms, which are likely to be correlated, factor analysis was used to construct a smaller number of independent factors for the analysis. For each factor a set of weights was developed from the baseline data in 1989 and applied to the 12 symptoms (originally coded as zero for absent and one for present), to form factor scores. The groups of correlated symptoms were identified according to the weighting in each factor score and binary variables (having or not having any of the symptoms in the group) formed. Changes, as indicated by the log odds ratio (LOR) in the children followed prospectively between 1989 (baseline year) and 1990 (before the intervention) and between 1989 and 1991 (after the intervention) were estimated to compare between-district differences in the within-district changes over the 3 years.
All analyses were carried out using SPSS/PC4.0 and S Plus.
RESULTS
Over the data collection period questionnaires were completed in April and May each year with the exception of one fieldwork visit in early June and two at the beginning of July. Missing questionnaires amounted to 1% of the total children's data set and only occurred because of the child's absence from school on survey days. The response rate for parents was 96%. There were no differences in the proportion of absences or response rates for parents or children between schools, districts or year of study. Missing answers to individual questions on the children's and parents ' questionnaires (Table 2 ). Losses to follow-up in the cohort were 6% in 1990 and 11% in 1991. 
Smoking by Parents and Children
Respiratory Symptoms
The between-subject correlations estimated in the baseline 1989 were 0.027 or less for all the 12 ungrouped symptoms.
Factor analysis identified four independent factor scores which accounted for 55% of the variation in the 12 symptoms (Table 3) . Columns 2-5 in Table 3 show the weights given to each of the 12 symptoms when creating the factor score. Each of the factor scores was labelled according to the relative contribution of their weight. Wheeze and doctor-diagnosed asthma were each identified as one of the independent factors.
Crude prevalence ratios of the grouped respiratory symptoms were found to be highest in the youngest (primary three) children, higher in boys than girls and higher in children living in Kwai Tsing than in Southern in 1989. The prevalence rates declined in both districts over the 3-year period (Table 4) , with an apparently greater drop in Kwai Tsing than in Southern. There was also a higher prevalence in those children living in a smoking household (results not shown).
In the model, after adjustment for confounders, significant excess risks were found for children living in Kwai Tsing in 1989 and 1990 for any cough or sore throat (OR = 1.22, 95% CI : 1.05-1.42), any wheeze or asthmatic symptoms (OR = 1.27, 95% CI : 1.04-1.54) and wheezing (OR = 1.34, 95% CI: 1.09-1.66). This district effect was not seen in 1991 (Table 5) . Table 6 shows that from 1989 to 1990 there were no significant changes in the log odds of the symptoms in Southern (except for the increase in wheezing in Southern, LOR = 0.35, P < 0.05) and Kwai Tsing (first and second column of data). There were also no differences when the changes between two years were compared between the two districts in the modelling, except for wheezing, for which Southern had a significantly greater increase than Kwai Tsing, (LOR = -0.28, P < 0.05) (last column of data). From 1989 to 1991 Kwai Tsing had a significant decrease in the log odds for phlegm (LOR = -0.59, P< 0.001). Kwai Tsing also had significantly greater decreases than Southern in the log odds for cough or sore throat (P < 0.05), phlegm {P < 0.05) and wheezing (P < 0.05) (last column, italicized figures).
The Effects of Living in a Smoking Family
In 1989 and 1990 in children with a history of exposure to ETS, there was a dose response relationship between the number of categories of smokers in the home and respiratory symptoms with the strongest effect on cough or sore throat and phlegm. The risks remained unchanged in 1991 (Table 5 ). When the presence of individual smoking family members was taken into account, exposure to smoking by fathers, siblings and others was associated with any cough or sore throat or any phlegm (P < 0.05).
Following the inclusion of the current smoking status of the children in models similar to those represented in Tables 5 and 6 the results were unchanged.
DISCUSSION
This study of primary school children was prompted by a request from a lay environmental health group for help in quantifying possible risks to the community from poor air quality and support for a more stringent pollution control policy. To avoid possible bias in responses, the study was presented to all participants as a general health survey and all media coverage was avoided until its completion.
The outcome demonstrates that, after adjustment for socioeconomic factors, there is an important association between respiratory symptoms and living in polluted districts in Hong Kong. It also indicates that measurable health gains have been achieved from a Government initiated air quality intervention based on the use of low sulphur content fuels." Differences in estimated risks for respiratory symptoms between polluted and non-polluted districts, which existed before the intervention, were reduced or eliminated.
The results of surveys on respiratory health in young children may be markedly influenced by variation in socioeconomic status which has been identified as a risk factor for chronic cough and severe chest illness 22 * 23 and variation in the prevalence of asthma. 24 Although socioeconomic conditions in Hong Kong are good compared with other Asian and Western countries, 23 the families in this study in Kwai Tsing are relatively disadvantaged in comparison with those in Southern, particularly in terms of educational attainment. In addition, Kwai Tsing children are more likely to be exposed to ETS in the home and higher levels of ambient pollutants, both of which are risk factors for respiratory ill health. 6 -8 Adjustment for all of these factors in the baseline studies led to the identification of a significant residual effect associated with residence in Kwai Tsing in 1989. These findings are unlikely to be due to biases in sampling and data collection as response rates were high for both the children's and parents' questionnaires. Answers which would not be expected to change, such as parental education level, were consistent from year to year. For items repeated on both the parents' and children's questionnaires a high level of concordance was found, although parents underreported their smoking when compared with their children's responses. As would be expected, the biggest change in ambient air pollutants following the prohibition of high sulphur content fuels was seen in levels of SO 2 In the presence of metal catalysts and moist air, SO 2 forms sulphuric acid and converts to ammonium sulphate. Fine particulates are usually correlated with sulphate concentrations. Although there was no consistent reduction in RSP during the survey period the concentrations of sulphate in RSP fell by about one-third in Kwai Tsing and were unchanged in Southern. The role of SO 2 in the causation of respiratory health problems has been studied in well populations exposed to air pollution 26 -27 where no association with symptoms and lung function was found. However, sulphates may play a role in the relationship reported between mortality and fine particulates. 28 The inhalation of acid compounds has been implicated in bronchial hyper-responsiveness and changes in pulmonary function. In allergic adolescents, exposure to sulphuric acid aerosols or mixtures of SO 2 and sulphuric acid caused significant changes in pulmonary function whereas exposure to air or SO 2 alone did not. 29 These authors cite evidence that in the US 10% of the population, including allergic and non-allergic subjects, have asthma or exercise induced bronchospasm as a manifestation of bronchial hyper-responsiveness induced by inhaled irritants. About 7% of our study population declared a history of doctor-diagnosed asthma at the baseline interview and the between-district differences in the history of wheezing disappeared following the intervention. Scadding has redefined asthma as bronchial hyper-responsiveness. 30 The changes we found in symptom prevalence were reflected in measurements of bronchial reactivity by histamine challenge tests. These showed that between-district differences in bronchial hyper-responsiveness before the intervention 31 have since been eliminated.
Another important outcome of this study for policy makers and health promotion priorities in Hong Kong is the finding that exposure to ETS is strongly associated with respiratory complaints in Hong Kong children, an effect which remained unchanged over the 3 years. Smoking in the home was associated with excess risks which were higher than those for living in a district with poor air quality. For those children who live in homes where family members smoke, any health gains derived from an improvement in outdoor air quality will tend to be negated by exposure to ETS.
Future patterns of respiratory health problems in primary school children in Hong Kong can be predicted since air pollutants and breach of air quality objectives showed a clear relationship with a gradient in respiratory problems between the two districts studied. Information from the analysis has provided vital information for future Government policy making and to support legal action against polluters.
Interventions designed to control air quality problems in Hong Kong can be viewed as a model for other south-east Asian communities including the major cities such as Bangkok and Manila where breaches of air quality objectives are much greater.
